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SUMMARY
Anaerobic fungi are normal inhabitants of the digestive tract of many herbivores,
where they play a role in the digestion of plant material. All strains which have been
isolated so far produce H, as one of the fermentation products and contain
hydrogenosomes, organelles in which the Hr-production is presumed to be located. In
the general introduction the ecology and physiology of anaerobic fungi and
hydrogenosomes of anaerobic eukaryotes are briefly reviewed.
Although hydrogenosomes have been extensively studied in anaerobic protozoa,
the knowledge of these organelles in anaerobic fungi is limited. This thesis describes
a study on Hr-production, structure and functions of hydrogenosomes in an anaerobic
fungus, isolated from llama feces, belonging to the genus Neocallimastix.
The growth on and fermentation of cellulose by several genera of anaerobic
fungi, among them Neocallimastix sp. L2, was significantly influenced by Hr-
consuming bacteria (chapter 2). In co-cultures of anaerobic fungi and methanogenic
bactenaMethanobrevibacter smithii, Methanobacterium bryantii, or Methanobacterium
arboriphilus the fermentation pattern of the fungi was significantly altered. The
production of Hr, acetate, and CO, increased, CH4 was formed at the expense of Ht
and CO, by the methanogens, and the formation of the electron-sink products lactate,
succinate, and ethanol decreased. In all co-cultures of the fungus Neocallimastix sp.
L2 an increased rate of cellulose breakdown was observed, together with an increased
cell-protein yield, results thought to be associated with an increased ATP-yield. In co-
cultures of the fungus Neocallimastixfrontalis REI and the sugar-fermenting and Hr-
consuming bacterium Selenomonas ruminantium an increased rate of cellulose
degradation was also observed, together with decreased levels of H, as a fermentation
end product in the cultures.
The fermentative properties of Neocallimastix sp. LZ were studied in detail
(chapter 3). It is able to ferment a range of poly-, oligo-, and monosaccharides, and
forms the fermentation products H2, CO2, formate, acetate, lactate, succinate, and
ethanol. Hydrogenosomes are present both in the mycelium and in the zoospores. In
the latter they show invaginations and internal membrane structures, and are mainly
located around the insertions of the flagella. The hydrogenosomes in this fungus are
surrounded by a single membrane. Mitochondria were absent.
ln Neocallimastix sp. L2 glycolysis was found to proceed via the Embden-
Meyerhof-Parnass pathway. The part of the metabolism that leads to the production
of acetate, CO2, H2, and ATP from the metabolism of malate was located in the
hydrogenosomes. Zoospores were found to contain more hydrogenosomal protein than
mycelium, which lends support to the assaumption that hydrogenosomes play a role
in the generation of energy nessecary for flagellar movement. The hydrogenosomes
contained Or-scavenging enzymes, indicating their involvement in the protection of
other hydrogenosomal enzymes against O, (chapter 4).
Hydrogenosomes of NeocallimasrLx sp. L2 contained proteins, which were
recognized by antibodies against the carboxy-terminal amino acid sequence SKL, a
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general microbody protein targeting signal (chapter 5). This indicates, together with
the observation of the single membrane around these hydrogenosomes (chapter 3), an
evolutionary relationship between microbodies and hydrogenosomes of this fungus.
One of the cross-reacting proteins, the hydrogenase, was purified (chapter 5). It was
located in the matrix of the hydrogenosome, and consisted of two subunits of 30 and
60 kD, and had a native molecular weight of 87 kD. Inhibiton experiments revealed
that this hydrogenase was a (Ni-Fe-Se) hydrogenase, which has not been found before
in eukaryotes.
Metronidazole, CO, methanogens, and CO, were found to influence glucose
metabolism in Neocallimcsar sp. L2. Metronidazole and CO caused a decrease in Hr-
production and an increased production of lactate. Low levels of CO, caused an
increase in Hr- and lactate-production, compared with cultures under high levels of
COr. In co-cultures with methanogens the same shift was observed as described above
for growth on cellulose. The altered ratios of fermentation products were most
probably caused by changes in enzyme activities, and not by changed quantities of
hydrogenosomes and/or hydrogenosomal proteins (chapter 6).
Hydrogenosomes of Neocallimastix sp.L2 contained an ATPase. This enzyme
is responsible for the generation of a pH-gradient across the hydrogenosomal
membrane, rendering the lumen of these organelles alkaline as compared with the
cytosol (chapter 7). The effects ofinhibitors and ion-/protonophores on lt-production
from malate by isolated intact hydrogenosomes under anaerobic conditions provide
indirect evidence for the presence of an ADP/ATP translocase. The functional
proprtres that hydrogenosomes share with mitochondria are discussed.
In the final chapter a comparison is made between hydrogenosomes from
Neocallimastix sp. L2, microbodies, mitochondria, and hydrogenosomes from
anaerobic protozoa. It is concluded that hydrogenosomes from Neocallimastix sp. A
have structural and functional similarities with both microbodies and mitochondria.
Interestingly, some significant differences were observed between fungal and protozoal
hydrogenosomes. From these observations it seems likely that hydrogenosomes from
anaerobic fungi and protozoa had a polyphyletic origin.
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